An analysis of normal esophageal anal gastric electrocardiograms is presented. Soiae stasidards of abnormality in the literature are found to be unacceptable, principally Pith reference to Q aisd the diagnosis of infarction. The study of leads facing the dorsal and diaphlragmatic cardiac surfaces seems to be a suitable test of current concepts of "electrocardiographlli( position." Some of these concepts are supported by this study, but others are questioned. ALTHOUGH esophageal and gastric electrocardiograms have been employed in a -lumber of theoretic and clinical studies, there is still inadequate information concerning the characteristics and the range of variation of these electrocardiograms in normal individuals. This is an analysis of such electrocardiograms of 50 men without clinical evidence of heart disease.
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Cremer"l and Kraus and Nicolail4 first mentioned the use of esophageal leads, and subsequent studies were carried out by Baur and Bbhme Lieberson and Liberson, 19 Howard, 21 Brown,6' 7 Luisada,3" Hamilton and Nyboer,1' Helm, Helm and Wolferth,"0 Carlos Rubio,'0 Ylyers and Klein36 and others.' 121934394041 4748,49
MATERIAL AND iMETHODS
The subjects were 50 male hospital employees or ambulatory patients 20 to 50 years old examined by the authors for this study and showing no evidence of past or present heart disease, diphtheria, rheumatic fever, syphilis, hypertension, thyroid disease, severe malnutrition, anemia, chest pain, pulmonary disease, From the Cardiovascular Research Unit and the Medical Service, Veterans Administration Hospital, Washington, D. C. Sponsored by the Veterans Administration and published with the approval of the Chief Medical Director. The statements and conclusions published by the authors are a result of their own studv and do not necessarily reflect the opinion or policy of the Veterans Administration. 578 chest deformity, renal disease or malignancy. A roentgenogram of the chest was obtained in each case; blood count, urinalysis, circulation time (calcium gluconate) and serologic test for syphilis were obtained in all patients and all but a few of the employees. Standard limb leads, six precordial leads (V1 through V6), augmented unipolar extremity leads, 16 and a series of fifteen esophageal and gastric leads were obtained in each case with the subject supine. The indifferent electrode for the precordial, esophageal and gastric leads was that of Wilson52 or in some cases the Goldberger modification.1 The esophageal and gastric leads were obtained with a modified Nyboer tube,* the exploring electrode placed 25 to 60 cm. from the nares at 2.5 cm. intervals, actual distances varying from those used in the text up to plus 0.6 cm. and minus 0.8 cm.
Sanborn Cardiette and Viso-Cardiette and Technichon three channel instruments were used.
With rare exceptions at least three complexes were measured with a hand lens providing five times magnification, and averaged. Amplitudes were estimated to the closest 0.25 mm. and corrected for standardization, and time intervals wvere estimated to the closest 0.01 second. Accepted terminology and methods of measturement were employed.'
To correlate electrode positions with electrocardiograms, anteroposterior and lateral roent-* Manufactured by C. R. Bard Inc.
Circulation, Volume II, October 1.950 genograms were obtained immediately after completion of the electrocardiograms with the subject supine, the breath held during quiet respiration, and the distal electrode 60 cm. from the nares ( fig. 1 ). "Statistically highly significant" indicates a probability of less than one in one hundred that compared data are from the same population, and "statistically significant," that this probability is greater than one blut less than five in one hundred. may be placed closer to the heart here than in any other location in the intact human being; it is estimate l that an electrode may lie as close as 0.5 to 1 cm. from the dorsal wall of the left atrium. According to the descriptions and illustrations in several anatomy texts, of which figure 2 is representative, the lower end of the esophagus is dorsal to the left ventricle. It is apparent, however, from figure 2 that the interventricular sulcus is close to the lower end of the esophagus, and it may be expected that FIG. 1. The roentgenogram and the electrocardiograms in one of the cases. The radiopaque tube and the electrodes mounted on it are shown. The roentgenogram was obtained with the subject supine. Three of the exploring electrode positions, 40, 45, and 50 cm. from the nares, are indicated on the roentgenogram. The electrocardiograms derived from these electrode positions are designated by the same numbers. The opaque markers across the chest show the exploring electrode positions for the precordial leads.
Artefacts
Artefacts occur frequently in these leads, probably due to peristalsis, respiration, swallowing, poor contact and motion of the heart; T and RS-T are distorted more than QRS. In a few cases roentgenograms showed the tube doubled up in the esophagus producing a discrepancy between actual position of the exploring electrode and apparent position as estimated from tube markings. ANATOMIC 
RELATIONS
Part of the esophagus lies dorsal to the pericardium covering the left atrium ( fig. 2) . Except for the direct intracardiac leads an electrode slight changes in cardiac position might bring the interventricular sulcus or the right ventricle into relation with this part of the esophagus. Some electrocardiographic evidence that the latter occasionally occurs will be presented.
In the dissection illustrated in figure 2 the true posterior or dorsal surface of the heart consists largely of left atrium. The ventricles do contribute to the posterior surface, but much of the ventricular surface lies on the diaphragm. The cross sections reproduced in figure 2 from Eycleshymer and Shoemaker1 happen to be the same distance apart as the electrodes on the tubes we used, namely, 2.5 cm. There is but a single level, the one immediately above the diaphragm passing through the intervertebral disc between the ninth and tenth thoracic vertebrae, in which the esophagus lies immediately behind left ventricle. The two levels above this show esophagus immediately behind left atrium. In the level passing through the eighth THE POSITION OF THE EXPLORING ELECTRODE AND THE VARIOUS LEVELS Correlation of the electrocardiograms with the roentgenograms confirms the observations of others5' 6 that P waves with an intrinsic FIG. 2. Posterior (dorsal) view of the heart from Morris' Human Anatomy,33 and cross sectiQns of the body from Eycleshymer and Shoemaker.13 E, esophagus; LA, left atrium; LV, left ventricle; RV, right ventricle; 7, body of seventh thoracic vertebra; 8, body of eighth thoracic vertebra; 9 and 10, intervertebral disc between the ninth and tenth thoracic vertebra. The cross sections illustrate levels 2.5 cm. apart. (By courtesy of Dr. J. P. Schaeffer, The Blakiston Co., and D. Appleton and Co.) thoracic vertebra the left ventricle is some distance to the left of the esophagus. It is to be expected that these cross sections would appear somewhat different with different cardiac positions, but some discussions of esophageal leads tend to exaggerate the extent of dorsal wall of ventricle believed to lie immediately ventral to the lower end of the esophagus. deflection26' 27, 50, 51 are obtained when the exploring electrode is at positions opposite the left atrium. These positions may be referred to as atrial levels and the leads obtained from them as atrial leads. In addition to an approximate qualitative judgment of the position of the left atrium from the cardiac shadow, the position of the electrode was correlated with the 500 vertebral bodies. The left atrium is described as extending across the levels of the bodies of the fifth to the ninth thoracic vertebrae.33 In 36 of the 43 cases in which roentgenograms were available, these electrode positions lay between the levels of the bodies of the fifth to the ninth thoracic vertebrae although they frequently did not extend over the entire range. In 1 case a P wave with an intrinsic deflection was obtained from an electrode position opposite the fourth thoracic vertebra and in 6 cases an intrinsic deflection was still obtained when the exploring electrode lay opposite the tenth thoracic vertebra.
The observed range of the atrial levels extended from 32.5 to 47.5 cm. from the nares. Atrial levels were found at 40 cm. in 49 of the 50 subjects, at 37.5 to 40 cm. in 47 and from 35 to 40 cm. inclusive in 34 of the subjects. The mean highest atrial level was at 35.3 cm. and the mean lowest atrial level at 42.2 cm. These values approximate those previously recorded', 9, 32, 34, 40 but differ somewhat. There was a slight tendency for the atrial levels to be grouped further from the nares in taller individuals, but the variation was considerably less than that of the heights which ranged between 63 and 74' inches.
In leads obtained with the exploring electrode at a variable distance below the atrial levels, the QRS resembles somewhat the QRS of one or more precordial leads and usually aVF (figs. 1, 4, 5). These levels and the leads obtained from them are called ventricular. When the exploring electrode is 2.5 cm. below and in some cases also 5 cm. below the lowest atrial level, the recorded QRS complex is either intermediate between the QRS complexes in the atrial and ventricular leads (figs. 1, 4) or differs from these leads. When such QRS complexes are obtained the exploring electrode may be spoken of as being at a transitional level.
The transitional levels ranged between 40 and 50 cm. from the nares. In 28 cases there was a single transitional level at 42.5 cm. from the nares in 7 cases, at 45 cm. in 9, at 47.5 in 11 and at. 50 cm. in 1. In 19 cases there were two transitional levels at 40 and 42.5 cm. in 2 cases, at 42.5 and 45 cm. in 11, at 45 and 47.5 cm. in 5 and at 47.5 and 50 cm. in 1. In 3 cases there were no transitional leads; in 2 of these the QRS complex in the lead from the level immediately below the lowest atrial level resembled a precordial QRS complex, and in the third case such a QRS complex was present at the lowest atrial level.
There was a ventricular level in every case at 52.5 cm., at 50 cm. in 48 cases, at 47.5 cm. in 32 cases, and at 45 cm. in 11 cases.
Anatomic location of the transitional and ventricular levels was attempted by means of the roentgenograms. The esophagus passes through the diaphragm at the level of the body of the tenth or eleventh thoracic vertebra.3 In the roentgenograms the tube may be observed to curve more or less abruptly towards the left as it turns to enter the stomach ( fig. 1 ). This change in direction is usually opposite the tenth or eleventh thoracic vertebra, in a few cases opposite the twelfth. In none of the 43 cases in which roentgenograms were available was there a ventricular level above the body of the tenth thoracic vertebra. In 19 cases the electrode position corresponding to the highest ventricular lead was opposite the body of the tenth thoracic vertebra. In the remaining 24 cases it was below or beyond, that is, opposite the body of the eleventh thoracic vertebra or lower, or somewhere on the tube after it had swung away from the spine towards the stomach. The highest ventricular level seemed to be located within the last few centimeters of the thoracic portion of the esophagus or definitely in the abdomen ( fig. 1 ). Helm, Helm and Wolferth20 found that when the exploring electrode was in the lowest 1 inches of thoracic esophagus, the electrocardiograms resembled sometimes those of atrial levels, sometimes Lead II or a lead connecting left leg and spine of right scapula, and sometimes they were transitional. We believe our observations are in general agreement with the observations of these authors even though our indifferent electrode differed from theirs. Carlos Rubio'0 also found that when the exploring electrode was in the lowermost part of the thoracic esophagus as determined by fluoroscopy the electrocardiograms resembled either electrocardiograms from the atrial levels or the left leg lead. On the other hand, Nyboer40 has diagramatically represented a type case in which a considerable extent of ventricle above the diaphragm lies ventral to the esophagus, and in which the electrocardiogram from the supradiaphragmatic region is characteristic of the ventricular levels.
When the exploring electrode is in the stomach it is subject to motion and cannot be considered a fixed semidirect lead in the sense of the precordial leads or esophageal leads. In some locations in the stomach the electrode is more distant from the heart than when it lies like Leads V5 and V6. It may be postulated in this case that the exploring electrode was over the right ventricle at 45 cm., but that the tube in the lower positions lay over the left ventricle. Further evidence was obtained for this inter-A L i;37.5 Usually in a given case all ventricular leads recorded were similar to one another (figs 1, 4). In a few cases, however, there was a transition from higher levels to lower levels resembling the transition in leads from right to left across the chest (figs. 5, 7A and B). In figure 5 , for example, the. electrocardiogram from the 45 cm. level shows a small R and large S similar to Leads V, or V2, whereas the electrocardiograms from the lower levels show predominantly a large R (42.5 ). Transition from complex with small R and deep S (45) to complex with large R (50 to 60). Large P waves in atrial leads. Discussed in text. pretation in this case by recording each esophageal and gastric lead simultaneously with both V1 and V5. From the earliest onset of QRS in any of the three leads to the onset of the intrinsic deflection was 0.02 sec. in the 45 cm. lead, 0.03 sec. in V1 and 0.05 sec. in V5. In the simultaneous records of the 55 cm. lead, VA and V5, the measurements were 0.05 sec., 0.03 sec., and 0.05 sec. respectively. The electrodes at 50 to 60 em. from the nares were definitely in the stomach in this case, and the electrode at 47.3 cm. was either in the stomach or the abdominal portion of the esophagus. Such transitions may occur only with certain cardiac positions, but they at least indicate occasionally diphasic ( fig. 3 ). Hecht'9 described this deflection as uniformly positive. In the same individual this deflection may be negative in one atrial lead and positive in another ( fig.  3A ) with a tendency for the negative deflection to occur in the higher atrial leads and the positive deflection in the lower atrial leads. Occasionally respiratory variations occur ( fig. 3B ). 1.9 ±t 1.5 ¶ 0to 5 ¶ (Not Recorded) 4 .0 i 1.8 1 to 92 9.9 ±t 3.5 55 to 273 * A small initial deflection was observed in at least one atrial lead in each case but not in all leads. The mean agcld S. D. were calculated for the cases in which the deflection occurred.
t In ai number of the cases the deflection was diphasic, and both values were tabulated. + The intrinsic deflection was measured from its onset (positive peak of P) to the lowest point below the baseline, unlike the other deflections which were measured as usual from the baseline. § In two cases there were only 2 atrial levels. C Distribution skewt. Other distributions in this table seemed approximately normal. that ane electrode in the lowsser part of the esophagus may occasionally be over the right ventricle in normal individuals.
THE P WNAVEI
In the supra-atrial leads P is low and inverted (figs. 1, 3), or, in two cases, diphasic. In the atrial leads the prominent part of P is a diphasic complex with rapid positive and negative deflections (figs. 1, 3, 4, 5), the downstroke representing the intrinsic deflection. Notching and slurring of P occurs in supra-atrial and atrial leads. In all cases in at least one of the atrial leads there is a small deflection immediately preceding the main diphasic part of the P wave (figs. 3 and 4, 35 and 37.5 cm.) which is most often inverted, sometimes upright, and
In the ventricular leads P is upright, low and rounded, similar to P in Lead II. In the transitional leads P sometimes resembles P in the ventricular leads, and sometimes it is intermediate between the P waves in the atrial and ventricular leads. Table 1 summarizes the measurements of P. In a given case, in the atrial lead in which the largest positive deflection of P occurs, the probability of a positive deflection of at least 1.0 mv. is approximately 8 in 100; 1.3 mv., 1 in 100; 1.5 mv., 1 in 1000; and 2.0 mv., less than 1 in 10,000.
It has been stated that the ratio of negative to positive parts of the diphasic complex is larger in higher atrial leads than in lower atrial leads,40' 48 but we did not find any relationship The small initial deflection preceding the main diphasic part of P is of considerable interest. There is experimental evidence that coordinate contraction of the right atrium begins before that of the left.2' 26 Brown6 believed that a small deflection in atrial leads preceded the onset of P in simultaneously recorded Lead II by 0.011 to 0.018 sec., which he attributed to activity of the S-A node. Spiihler47 on the contrary found that the small initial deflection preceding the main diphasic part of P in the atrial leads did not precede the onset of P in Lead II, and he attributed the initial small deflection to right atrial activity. Our observations are in accord with those of Spiihler.47 In only 4 of our 50 subjects was the P-R interval in Lead II or V1 shorter than in the atrial leads by more than 0.01 second, the limit of our measurement. In another group of 20 individuals with and without heart disease, in no instance did the onset of P in atrial esophageal leads precede that in simultaneously recorded Leads II and V1.
The interval from the beginning of the small initial deflection of P to the beginning of the upstroke of the main diphasic part of the complex in the 50 normal subjects varied from 0.01 to 0.05 sec. (mean = 0.030 4± 0.010), an atrial lead with a definite small initial deflection being selected in each case for this measurement. This may possibly be an index of difference in onset of activation of parts of left and right atria. Spiihler47 found comparable values for this interval, an average of 0.02 to 0.04 second.
Luisada31' 32 found a significantly shorter interval of 0.01 to 0.02 second, but his technic differed from ours.
The interval from the beginning of P in the atrial leads to the onset of the intrinsic deflection represents approximately the time from the first recognizable atrial activity in the atrial leads to activation of myocardium closest to the electrode. An atrial lead in each case with a definite initial deflection preceding a large diphasic part of P was selected, and satisfactory tracings for measurement were obtained in 41 of the 50 cases. The range was from 0.03 to 0.08 second (mean = 0.056 4t 0.013). Hecht19
gives an average value of 0.05 second for the interval in normal individuals from the onset of P in V1 to the onset of the intrinsic deflection in the simultaneously recorded atrial esophageal leads.
THE QRS COMPLEX General aspects of QRS are treated in this section, while other aspects are discussed in a subsequent section on electrocardiographic position. A summary of the measurements is presented in table 2.
In the supra-atrial leads QRS is predominately negative (figs. 1 and 4). In 48 of the 50 cases the negative part of the complex was largest; in the remaining 2 cases, a large late R exceeded the amplitude of the Q in the same supra-atrial lead. QRS in supra-atrial leads always resembled aVR more than any other lead.
In the atrial leads there is a QS or QR complex, rarely a QRS complex. The deepest Q waves of the esophageal-gastric series appear here (table 2 ). An S wave occurs infrequently. The R wave when present usually increases in size from the upper atrial levels downward. The exceptions to this and other aspects of R in the supra-atrial and atrial leads are discussed in the section on electrocardiographic position.
The size of Q in electrocardiograms from levels below the atrium has been of considerable interest, because of the value of abnormal Q waves in the diagnosis of myocardial infarction. The data are summarized in tables 2 and 3. Nyboer40 states that from levels 5 cm. or more below the lowest atrial level the Q wave is abnormal if it equals or exceeds 0.4 mv. or 20 per cent of the R in the same lead. Myers and Oren34 state that a Q is abnormal if it equals or exceeds 0.4 mv. or 25 per cent of the R in the same lead in electrocardiograms from the levels, 45 to 55 cm. from the nares. There are 3 cases in this series which would be considered abnormal by Nyboer's criteria for absolute amplitude of the Q. The Q:R ratio in these 3 cases and in 12 additional cases would also be considered abnormal. The values for the leads from the level 7.5 cm. below the lowest atrial level fall well within the Nyboer limits. There are at least 16 cases in this series which would be con-sidered abnormal by the criteria of Myers and Oren. In view of the somewhat variable location of the atrial levels it would seem undesirable to relate the Q to absolute levels in terms of distance from the nares. Nyboer's reference to the lowest atrial level seems more reasonable, but neither his criteria nor those of Myers and Oren for an abnormal Q in the esophageal and gastric leads seem adequate. The range of values given in tables 2 and 3 need not represent the full range of normal variation and larger Q waves may be expected to occur occasionally. In the lead from the level 7.5 cm. below the Our observations agree. The intrinsic interval in our cases is definitely and consistently greatest in the lowest atrial and in the transitional leads in those cases in which there is an R following a Q in these leads and varies from 0.03 to 0.07 second (mean = 0.055 4(0.008). The corresponding values are 0.02 to 0.06 second (mean = 0.038 i 0.007) in the ventricular leads, 0.03 to 0.05 (mean = 0.040 ±t 0.007) in V5 and 0 to 0.03 (mean = 0.019 -+ 0.006) in V1. In only 4 of the 48 cases was the intrinsic interval as large in V5 as in the lowest atrial or transitional leads, and in onlyv 1 ease was it, * Where the number is less than 50 this is either because an electrocardiogram was not available at the designated level or because the electrocardiogram was unsatisfactory for measurement.
t Here are recorded the upper limits of the lowest 10%, 50%, 90%, and 95%hO of values. Used in preference to mean and S.D. because some of the distributions were skew. t QS in 4 cases at 2.5 cm. below the lowest atrial level, in 1 case att 5 em. below the lowest atrial level, in 2 eases at 45 cm., and in 1 case at 47.5 cm. lowest atrial level Q was always considerably smaller in a given case than in the lead from the level 2.5 cm. below the lowest atrial level. With three exceptions Q was also smaller in the lead from the level 5 cm. below the lowest atrial level than in the lead from the level 2.5 cm. below the lowest atrial level.
Experimental studies and the analysis of human electrocardiograms led Lewis and Rothschild27' 28 to conclude that the dorsal portion of the base of the left ventricle is activated late. Brown6 confirmed this by measuring the time of onset of the intrinsic deflection after the beginning of QRS ("intrinsic interval") in leads obtained from the lower esophageal levels.
larger. In only 1 of 48 cases was the interval as large in the ventricular leads as in the lowest atrial or transitional leads, and in only 1 case was it larger. In simultaneous tracings of 20 individuals with and without heart disease the onset of the intrinsic deflection in the lowest atrial and transitional leads in which there was an R following a Q occurred consistently from 0.01 to 0.04 second later than in V5. The onset of the intrinsic deflection in the ventricular leads was usually practically simultaneous with that in V5 although in some cases it was slightly later, and in 1 case slightly earlier.
In most of the 50 cases studied aVF was very much like the ventricular leads (figs. 1 and 4), 586 9.; n-but in other cases there were differences. In figure 5 , the small notched QRS complex in aVF cannot be said to resemble closely the QRS of the ventricular leads. In figure 7B there are differences among the ventricular leads, and aVF is more like the leads from the lowest levels (57.5 cm.). In figures 7A, 7C and 7F there is a good-sized S wave in the ventricular leads which is absent or very small in aVF. In figures 7D and 7E, aVF resembles the ventricular leads from the higher levels more than those in the lower levels. Compare the notching in aVF and the 50 cm. lead in figure 7D , and the absence of S in aVF and in the 45 and 47.5 cm. leads in figure 7E . Wilson, Johnston, Rosenbaum and Barker56 also showed an electrocardiogram in which the left leg lead resembled leads from the higher ventricular levels more than those from the lower levels. Helm, Helm and Wol-ferth20 found that gastric leads resembled Lead II or a lead connecting left leg and spine of right scapula with few exceptions. Carlos Rubiol°found that aVF and the ventricular leads only rarely differ to a significant degree.
What determines the variations in the relation of aVF to the ventricular leads we do not know. If the potentials of the diaphragmatic surface of the heart are regularly transmitted to the left leg by way of selected adjacent structures and pathways then certain changes in position of the heart may account for the differences, but we have no evidence of the nature of these relations. The left leg is a "remote" electrode location in contrast to the "semidirect" locations in the esophagus and stomach. The predominant potentials contributing to the resultant recorded as aVF may therefore be derived from a cardiac region more extensive than that-which contributes to the ventricular leads, and under certain conditions the left leg electrode is more apt to be affected simultaneously by parts of the heart each giving rise to considerably different potentials, such as left and right ventricles, for example.
THE T WAVE AND THE RS-T SEGMENT
Because of the difficulty of obtaining level baselines a quantitative evaluation of T amplitudes and RS-T deviations was not possible. In the supra-atrial and atX ;al leads the T waves were inverted with one possible exception in a lowest atrial lead. In transitional leads T was positive, negative or diphasic. In the ventricular leads, T was usually positive, although in a number of cases it was diphasic and in one case frankly negative. Of the 12 cases in which T was diphasic or negative in the ventricular leads, T was positive in aVF in 5 and negative or diphasic in 7.
The amplitude of T ranged from slight inversion to approximately minus 0.8 mv. in the supra-atrial leads, from slight inversion to about minus 1.2 mv. (and one positive value) in the atrial leads, from minus 0.4 to plus 0.9 mv. in the transitional leads and from minus 0.25 to plus 0.95 mv. in the ventricular leads.
The origin of the RS-T segment (J) in the supra-atrial leads was depressed in all cases except one. In only a few cases was the depression more than 0.2 mv., and in none was it more than 0.3 mv. In one case there was RS-T elevation of less than 0.1 mv. In the atrial leads the origin of the RS-T segment was most frequently depressed, in a few cases as much as 0.4 mv. By contrast in a few cases there were elevations up to as much as 0.5 mv. Electropositive RS-T deviation in atrial leads similar in appearance and degree has been cited as evidence of atrial infarction.14 In the transitional leads the origin of the RS-T segment deviation was most frequently within plus or minus 0.1 mv., but in a few cases depressions up to more than minus 0.5 mv., and elevations up to as much as plus 0.3 mv. were recorded. In the ventricular leads the origin of RS-T also was most frequently within plus or minus 0.1 mv. There were, however, a few cases of depression up to as much as minus 0.4 mv. and a few elevations up to as much as plus 0.4 mv.
Obvious distortions due to artefacts frequently occur in the region of the T wave and RS-T segment in many cases. These may recur regularly with each cardiac cycle and are possibly due to displacement of the electrode by the contracting heart. In answer to the question of whether the extreme deviations of the RS-T segment observed in some cases and the diphasic and inverted T waves of the ventricu-lar leads may have a similar explanation, we can only say that such RS-T deviations and diphasic T waves occurred with fairly level baselines. The important practical observation is that diphasic T waves and extreme deviations of the RS-T segment may occur in the ventricular leads of normal individuals.
THE "ELECTROCARDIOGRAPHIC POSITION"
OF THE HEART AND THE ESOPHAGEAL AND GASTRIC LEADS Wilson and his associates54' 5 and Gold-bergerl7 attempted to correlate the patterns of the unipolar extremity leads with the position of the heart, and Gardberg and Ashman'5 did the same with the three standard limb leads. Carlos Rubio10 and Myers and Klein36 studied the esophageal and gastric electrocardiograms along with the unipolar extremity leads in relation to cardiac position; Carlos Rubio based his conclusions on six normal subjects and a number of patients with heart disease, and Myers and Klein illustrated what they consider to be type cases of cardiac position. Spiihler47 appreciated the significance of the relationship of the electrode at the lower esophageal levels to the position of the heart. Helm, Helm and Wolferth20 found electrocardiograms from the transitional levels extremely variable and believed it was hopeless to set up normal standards for these levels, deviations from which might be clinically significant. This may be true, but if the variability is related to changes in cardiac position the study of these levels may have some value at least in this connection.
It should be stated at the outset that most of the recent discussion on the human electrocardiogram and cardiac position has been purely theoretic. Electrocardiograms have not been correlated with actual anatomic positions. This correlation is admittedly difficult, if not impossible, with available methods of study, particularly when relationships to multiple axes are involved, but the interpretations must therefore be regarded as tentative and subject to verification. This is exemplified in the use of the term "electrocardiographic position" by which fitted the semihorizontal-horizontal criteria. The latter were from subjects who did not fit the strict clinical standards set for the normal study for one reason or another, but whose standard limb leads, unipolar extremity leads and precordial leads were considered normal. These additional cases are considered only in this section on position and do not contribute to the data of other parts of this study.
The anatomic position of the heart is referred to three axes, anteroposterior (ventrodorsal), longitudinal and transverse.17 36 To determine whether the esophageal and gastric leads provided data that might support or negate some of the existing assumptions, it was accepted that if a described cardiac position called for the exploring electrode to be over right ventricle, the QRS of the derived lead should resemble the normal V1 or V2, showing a small R, deep S and an intrinsic interval up to and not exceeding 0.03 second. When the electrode position was over left ventricle the QRS of the derived lead should resemble the normal V5 or V6, showing a predominant R, and an intrinsic interval between 0.03 and 0.05 second. As the study developed we observed that the size of a late 1I in the lowest atrial and/or transitional levels had a possible relationship to cardiac position.
We were unable to correlate either the qualitative appearance of the cardiac silhouette or a measurement in degrees of the long anatomic axis of the heart with the electrocardiographic position. We had hoped that the lateral roentgenograms might provide information on "forward" and "backward" rotation of the apex, but the detail of cardiac contour is often poor in these lateral roentgenograms, and besides we could not determine a satisfactory reference point for judging such rotation.
The Ventricular and Transitional Leads. In all the cases classified into the vertical and semivertical groups, the largest deflection of the QRS of the ventricular leads was an R with or without a small Q and S. That is, the ventricular leads resembled closely aVF, V5 and V6. This is what might be expected since the electrode in the stomach or near the posterior attachment of diaphragm should be facing the epicardium of the left ventricle. The intrinsic interval in the ventricular leads in all the vertical and semivertical cases was 0.03 to 0.05 second. In the transitional leads it was as large or larger. These intrinsic intervals are consistent with the described positions. The transitional leads of the vertical group showed QR complexes, which is consistent with the described position, this complex being intermediate between the QRS of the atrial leads, and the QRS with predominant R from leads over the left ventricle. In the semivertical group 5 of the 7 cases also had QR complexes in the transitional leads. In one case, however, there was a W-shaped QS complex. This case is discussed further on as possibly indicative of forward rotation of the apex. In still another semivertical case there was a polyphasic QRS complex in the transitional lead.
In 8 of the 11 semihorizontal and horizontal cases the ventricular leads showed a small R and deep S, or both a small R and S, or a larger It approximately equal to the S in size. This is consistent with the described position of right ventricle or the posterior interventricular sulcus. In one of the normal semihorizontal cases and in one of the other semihorizontal cases there w-as a transition in the ventricular leads from a complex with a small R and deep S to one with a large R and small S as in leads from right to left across the precordium (fig. 5 ). In 2 of the cases a small Q preceded the R in some of the ventricular leads. In 3 of the cases there were QS complexes in transitional leads. In 2 of the cases there was a direct change going downward, from an atrial lead to a lead with a small R and deep S without an intervening transitional lead. The latter change was observed also in one intermediate case, but in none of the vertical or semivertical cases and suggests that the transition of electrode positions was from atrium to right ventricle. This should be a more likely transition in the described intermediate and horizontal-semihorizontal positions than in the vertical-semivertical positions. In one case a W-shaped complex entirely below the baseline persisted in all the ventricular leads, and it was questionable whether a tiny upward deflection preceded the W. This was one of the added horizontal cases that did not comply with the strict normal criteria, but there was no evidence of heart disease and no history that could be interpreted as previous angina pectoris or myocardial infarction.
In 7 of the 11 cases of the horizontal-semihorizontal group there was some transitional or ventricular lead with an intrinsic interval less than 0.03 second, which is consistent with an electrode position over right ventricle. In 2 of the cases the shortest intrinsic interval in transitional or ventricular leads was 0.03 second while in another case it was 0.04 second. In one case an intrinsic interval could not be measured since there was a QS in all the ventricular leads. In some of the cases showing a short intrinsic interval this occurred at the higher ventricular levels, whereas lower ventricular levels showed an intrinsic interval of 0.04 second.
In the intermediate group QRS in the ventricular leads was characterized by a predominant R, which is consistent with the described position.
The Late R in the Lowest Atrial and Transitional Leads. In the electrocardiograms from the lowest atrial or transitional levels in the .489 vertical and semivertical groups there was a tendency to a large R ( fig. 1, table 4 ). In 11 of the 21 cases R was larger here than in any other lead of the same subject including the precordial leads. This was not so in any of the intermediate, horizontal or semihorizontal cases. The amplitude of the late R (R following Q) was measured in each case in the lowest atrial lead and in leads from levels 2.5 cm. above and below the lowest atrial lead. The highest R of these three leads was tabulated for each case, and the comparison by groups is shown in table 4. In view of the variability of absolute amplitudes of electrocardiograms of different individuals we also determined the 19 intermediate, semihorizontal and horizontal cases -was there an R of this amplitude. R was smaller than 1.5 mv. in 17 of the intermediate, horizontal and semihorizontal cases, whereas it was so small in only 6 of the vertical and semivertical cases.
The tendency to a large R in the lower atrial or transitional leads in the vertical and semivertical groups is consistent with the position of an electrode close to the dorsal portion of the left ventricle. The base of the left ventricle might be expected to lie in close apposition with the lower thoracic portion of the esophagus when the heart is vertical and rotated clockwise. It might be expected from the anatomic 22.0 ± 8.9 17.7 ±t 9.9 9.9 + 4.9 6.5 i 5.9 t The ratio in one case is unknown since the R went off the tracing, but it was greater than 1. 39. t The ratio in one semihorizontal case is unknown since the )recordial R went off the tracing, but it was less than one. ratio of this R to the highest R of the precordial leads in the same subject.
It is not possible to be sure of the nature of the distributions in these small groups, although only the amplitudes of R in the semihorizontal-horizontal group suggested a possible skew distribution, whereas the other distributions could be normal. Applying the statistical tests for normal distributions, the differences in the amplitudes of R are statistically highly significant between the vertical and intermediate groups and between the vertical and horizontal-semihorizontal groups. There is no statistically significant difference in amplitude of R between any other two of the groups. The ratios of the esophageal R to precordial R suggest similar differences, but statistical tests were not applied. Of the 21 in the vertical and semivertical groups there were 11 instances with a lower atrial or transitional R larger than 2.0 mv., while in no instance among the relations that an electrode in the lower thoracic part of the esophagus would often be closer to the left ventricle than when situated on the precordium or in the stomach.
The possible relation to cardiac position of the large R in the lower atrial and transitional leads focussed our attention on 7 cases in this normal series in which a late R was completely absent or very small. These cases included 1 with a semivertical position ( fig. 4 ), 1 with a semihorizontal position ( fig. 5 ), 1 with a horizontal position and 4 other cases not classified in the original grouping. If the absence of the R or a small R is related to cardiac position it may be postulated that it would occur when the dorsal basal part of left ventricle loses its close relationship to the lower thoracic end of the esophagus. We would expect this to occur with extreme forward rotation of the apex, extreme counterclockwise rotation, and possibly extreme rotation into the horizontal posi-tion. Evidence for these possibilities may be presented by correlation with the other leads, although there is, of course, no independent proof for the interpretations. Figure 4 represents the electrocardiograms from the case with a semivertical position. Here the vestigial R in the lowest atrial and transitional leads could be explained by forward rotation of the apex. In this position the left ventricle could still lie on the diaphragm and produce the potentials in the ventricular leads and aVF, and the region of the anterior interventricular sulcus could still face the left shoulder and produce the potentials of aVL. It should be noted that aVF does not have the diphasic or inverted T in this case that has been postulated with forward rotation of the apex."7 36 This case cannot be distinguished from the other cases with semivertical position in this series on the basis of the unipolar extremity leads. There were 5 cases of this series in which the predominant part of QRS in aVF was R and in which T was diphasic or negative in aVF, the signs postulated by Goldbergerl7 and Myers and Klein36 as possibly indicative of forward rotation. In 1 of these 5 cases R was absent in the lowest atrial level and in another it was rather small, whereas in the remaining 3 cases it was large. There is thus no consistent association between the signs given by Goldberger and Myers and Klein as 1)ossibly indicative of forward rotation and an absent or small late R in the lower atrial and transitional leads.
The electrocardiogram in figure 5 may represent counterclockwise and/or semihorizontal rotation and shows the transition in the ventricular leads from a complex with small R and large S to a complex with predominantly large The Late R in the Right Arm Lead and in the Supra-atrial Leads. Both Goldberger'7 and Myers, Klein, and Stofer35' 36 have interpreted the late R in aVR (R following Q or S) as arising from the dorsal portion of the base of the left ventricle when this region of the heart is turned toward the right arm. According to Goldberger17 the latter occurs in extreme clockwise rotation of the heart or backward rotation of the apex in which case there is a late R also in the esophageal leads.
A number of observations in the cases we studied forced us to examine these assumptions further. A relatively large late R may be present in electrocardiograms from the supra-atrial levels and higher atrial levels and still be absent in the lower atrial levels ( fig. 5 ). If the late R is derived only from the dorsal basal portion of the left ventricle and is due to backward rotation of the apex or clockwise rotation of the heart, it seemed to us that this R should be larger in electrocardiograms from the lower esophageal levels where the dorsal portion of the base of the left ventricle is closer to the esophagus than in leads from higher levels. In figure 1 this is true, but in figure 5 this is not so. The late R in the supra-atrial leads and probably also aVR of figure 5 must have some other origin. On the other hand, in some of the cases with hearts in the vertical and semivertical position, in which there were large late R waves in the lower atrial and transitional leads, the late R in aVR and in the supraatrial leads was absent or insignificant ( fig. 1 ).
Both Goldberger'7 and Myers and Klein36
agree that clockwise rotation is more apt to be associated with the vertical position than with the horizontal position. Yet there is no evidence from our data that either the incidence of the late R in aVR, or the amplitude, is greater in the vertical than in the semihorizontal-horizontal groups. On the basis of the chi square test the incidence of the late R, regardless of amplitude, is greater in the vertical group than in the intermediate group, the difference being statistically significant, and it is greater in the horizontal group than in the intermediate group, the difference being statistically highly significant. There is no statistical difference between any other two of the groups. As regards amplitudes, most of the distributions were definitely skew, and the usually applied tests for normal distributions were not used. Simple inspection of the data shows no evidence that the amplitudes are greater in the vertical than in the semihorizontal-horizontal groups.
Myers and Klein36 studied the electrocardiographic patterns in leads from successive positions across the back and front of the chest leading towards the right arm and showed that a late R could be traced across the back of the chest, but not across the front. To agrees with the observation of Myers and Klein. In figures 6B and 6C, however, from 2 of the normal cases in which there was a late R in the right arm lead and in the supra-atrial leads but no R in the lowest atrial leads, leads from the anterior chest positions show as prominent a late R as do those from the posterior chest positions. It is, therefore, apparent that the explanation given for the late R in aVR17' 35 36 does not hold for all cases. for its appearance with opposite directional changes from a midposition. In a study of intracardiac leads Kossmann and associates23 recorded a large late positive deflection of QRS at the base of the right ventricle, which they be-heart, would be one factor favoring the transmission of this potential to the right arm; this might be one explanation of the late R in aVR in our cases in which there was no late R in the lowest esophageal leads. aire difereCespaamong fa~n ventricularleads,.n aFi AyBYCar ro he5 noral ujct.D E r afrother cases In AIjlC: F there-1is-adeep S in venriclar leadsl~whic isasn na.I hr more like leads from lower levels (57.5 cm.). In D and E, aVF is more like leads from higher ventricular levels, aVF in D more like the 50 cm. lead, and aVF in E, like the 45 and 47.5 cm. leads. II Complexes in Precordial Leads. Goldberger'7 has postulated that RS complexes (Q absent) are obtained in precordial leads when the exploring electrode faces the epicardial surface of the right ventricle. Some of the electrocardiograms illustrated by Goldberger show a rather large R in proportion to the S. When such complexes are obtained in V5 and V6 this author has postulated extreme clockwise rotation.
EH
In this series there were 6 cases in which there was an R and S of variable size and no Q in V5 oandVte. One each of these cases was from the vertical, the intermediate, the semihorizontal and horizontal groups. Two were from among the additional semihorizontal and horizontal cases that did not fit the original normal criteria. While the esophageal leads are consistent with the Goldberger interpretation in 3 of the cases, they are inconsistent in the other 3.
If Goldberger is correct we should not expect leads from the lower part of the esophagus in these cases to show RS complexes. For in extreme clockwise rotation the right ventricle should not be in relation to the lower part of the esophagus. In the 2 cases with hearts in the vertical and the intermediate positions and in one case with the heart in the semihorizontal position QR or QRS complexes were obtained from the lower esophageal levels. In the case showing the vertical position, furthermore, the R in leads from the lowest atrial and transitional levels was quite large as was the late R in aVR and the supra-atrial leads.
One of the cases showing the semihorizontal and 2 showing the horizontal positions, however, were not consistent with the Goldberger interpretation. In figure 5 is illustrated one of these cases, and leads from the lower esophagus and stomach show RS complexes as well as the precordial leads. One would have to postulate the right ventricle facing not only all 6 standard precordial positions but the lower esophagus and stomach as well to be consistent with the Goldberger hypothesis.
Our conclusion is that RS complexes in precordial leads are not recorded exclusively when the exploring electrode faces the epicardial surface of right ventricle. We believe that the small Q may normally be absent in leads obtained with the precordial electrode facing the epicardium of left ventricle.
Cases in Which There is a Small QRS with Proportionately Large Q or QS in aVL. There were 18 cases which did not fit exactly into the preliminary classification already described. Of these there were 12 cases characterized by a small QRS complex in aVL with a definite Q or QS; the Q though small was a sizeable proportion of the QRS complex. Both Goldberger'7 and Myers and Klein36 have described QR complexes in aVL and explained them as derived from potentials from the "back of the heart." Goldberger attributed the presence of a large Q and R in aVL to backward rotation of the apex. Myers and Klein agree to this interpretation when Q is less than 25 per cent of the R, but they believe that a large Q and small R appear in aVL when there is some counterclockwise rotation in the vertical position. There were only 2 of the 50 cases which clearly fit these descriptions and in which the size of the QRS in aVL compared with those illustrated by these authors.
In the 12 other cases which are the subject of this section, the QRS was much smaller and it did not appear justifiable to apply an arbitrary Q:R ratio in dealing with such small complexes. Some of these cases seemed to fit well into the semivertical group and might have been so classified by some authors. In fact, in the electrocardiograms of one of the patients who was studied at two different times, aVL showed at one time a small R and S and no Q, whereas at another time a definite Q was present which was proportionately large compared to the size of the QRS. Even the latter electrocardiograms showed respiratory variation, however, so that the Q disappeared in occasional complexes. In 4 of these cases the characteristics of aVF, and of the various esophageal and gastr'ic leads were consistent with the criteria for the vertical-semivertical groups. On present evidence, therefore, there is nothing inconsistent with the interpretation that these are cases of semi-vertical position with some backward rotation. Three' other cases were among those in which there was an absent R in the lowest atrial and transitional leads and in the remaining 5 cases there was a complex with small R and large S in passing from the atrial to the ventricular leads.'These 8 cases may be consistent with counterclockwise rotation, but it seems to us they are consistent with backward rotation only if associated with a certain degree of counterclockwise or/and horizontal rotation.
SUMMARY AND CONCLUSIONS 1. The esophageal and gastric electrocardiograms of 50 men without clinical evidence of heart disease are described, and various quan-titative data are presented. The positions of the electrodes are correlated with roentgenograms.
2. Electrocardiographic evidence is presented to show that the electrode in the lower end of the esophagus may occasionally lie over the right ventricle.
3. Previous observations are confirmed that a P wave with an intrinsic deflection is obtained in esophageal leads when the exploring electrode lies over the left atrium. The position of the atrial levels tends to vary with the heights of individuals, but the variation is considerably less than the heights. An atrial level was obtained at 40 cm. from the nares in all but one case, at 37.5 and 40 cm. in all but 3, and at 35 to 40 cm. inclusive in 34 of the 50 cases. The electrode positions from which ventricular leads are obtained are in the lowest few centimeters of the thoracic esophagus or in the stomach.
4. The P wave in the atrial levels is characterized by a small initial deflection followed by a larger diphasic deflection. From the onset of the former to the onset of the latter may represent an index of difference in time of activation of parts of right and left atria. In normal subjects the interval is from 0.01 to 0.05 sec. (mean = 0.03 sec. i 0.01). From the onset of the small initial deflection to the onset of the intrinsic deflection of P the interval is from 0.03 to 0.08 sec. (mean = 0.056 i 0.013). There is no evidence of atrial activation in esophageal leads that precedes the earliest'signs of atrial activation in Leads II and V,. 5. The existing criteria for the size of the normal Q in transitional and ventricular leads are inadequate and may lead to false diagnoses of abnormality. Data on the Q wave in these 50 normal subjects are presented. By measurements of the time of onset of intrinsic deflections previous observations are confirmed that the base of the left ventricle is a region of late activation. The QRS of the ventricular leads usually resembles aVF, but there are important exceptions.
6. The T wave in ventricular leads is usually positive, but it may be diphasic or inverted in normal subjects. Extreme RS-T deviations may occur normally in esophageal and gastric leads.
7. The esophageal and gastric leads support some of the assumptions regarding the "electrocardiographic position" of the heart based on the unipolar extremity leads and precordial leads, but they are inconsistent with other assumptions. In 
